Introduction
I n comparison with the frequently used modified Kocher approach, the extensor digitorum communis (EDC) splitting approach allows improved access to the anterior half of the radial head [1] [2] [3] , which is most commonly fractured 4 , while reducing the risk of iatrogenic injury to the lateral collateral ligament 1 .
The Kocher approach was originally described as a posterolateral capsulotomy in line with the anconeus, posterior to the central portion of the lateral ulnar collateral ligament 5 . The modified Kocher approach is now commonly used for radial head fracture fixation, performed between the anconeus and extensor carpi ulnaris muscular interval 1, [6] [7] [8] [9] [10] . The extensor carpi ulnaris muscle is then mobilized anteriorly, followed by a capsulotomy along the anterior border of the lateral ulnar collateral ligament [7] [8] [9] . Anterior exposure of the radial head can be limited through this approach 1-3 , resulting in poor visibility and difficulty with screw placement, especially in muscular patients. If further exposure is required, the common extensor origin (extensor carpi ulnaris, EDC, and extensor carpi radialis brevis tendons) can be detached from the lateral epicondyle, followed by detachment of the extensor carpi radialis longus and the brachioradialis from the supracondylar ridge as required 11 .
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injury to the lateral collateral ligament posteriorly 6, 7 and resultant posterolateral rotary instability 13, 14 . If greater exposure is needed, the anterior half of the EDC tendon and the extensor carpi radialis brevis tendon are detached proximally from the lateral epicondyle followed by detachment of the extensor carpi radialis longus and the brachioradialis origins from the supracondylar ridge 1, 3 .
Both the modified Kocher approach and the EDC splitting approach can be performed through an oblique lateral incision overlying the radiocapitellar joint or a posterior longitudinal incision with a raised full-thickness lateral fasciocutaneous flap depending on the presence of concomitant injuries or surgeon preference 1, 3 . Comparisons of the modified Kocher and EDC splitting approaches are demonstrated in Figures 1-A and 1-B , followed by a more detailed description and video illustration of both surgical techniques. [5] :387-93.) Fig. 1 -A The EDC splitting approach was performed by bisecting the EDC tendon longitudinally (line E) starting at its origin on the lateral epicondyle (*). The Kocher approach was performed through the interval between the anconeus and extensor carpi ulnaris (line K). Fig. 1-B The EDC splitting approach (black arrow) and Kocher approach (white arrow) performed concurrently on the cadaveric specimen. The bridge of tissue (b) is made up of the inferior half of the EDC and the extensor carpi ulnaris. E 5 EDC, r 5 radial head, c 5 capitellum, and f 5 fat stripe between the anconeus and extensor carpi ulnaris. Note that retraction is not optimized for either approach.
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Step 1: Make the Incision (Modified Kocher Approach) Make an oblique 7-cm lateral incision beginning at the proximal edge of the lateral epicondyle and extending distally over the center of the radial head toward the posterior ulnar border of the extensor carpi ulnaris muscle belly (Video 1).
• With the patient under general or regional anesthesia, examine the injured elbow and assess for ligamentous stability.
• Position the patient supine with the arm slightly abducted on a radiolucent arm board or hand table.
Alternatively, the arm may be placed over the patient's chest with a bump under the ipsilateral scapula.
• After limb exsanguination, inflate a tourniquet.
• Pronate the forearm and flex the elbow to 90°.
• Identify landmarks: the lateral supracondylar ridge, lateral epicondyle, radial head, and radiocapitellar joint. Lateral thumb pressure with supination and pronation of the forearm aids in the identification of the radial head and radiocapitellar joint 15 .
• Make an oblique 7-cm lateral incision beginning just proximal to the center of the lateral epicondyle and extending distally over the center of the radial head toward the posterior ulnar border of the extensor carpi ulnaris muscle belly (Figs. 2-A and 2-B).
• If an extensile approach is required for access to the medial and lateral aspects of the elbow, a posterior incision with a raised full-thickness lateral fasciocutaneous flap may be utilized. In this scenario, place the patient supine with the arm over the chest. Step 2: Develop the Interval Between the Anconeus and the Extensor Carpi Ulnaris Identify and develop the intermuscular interval between the anconeus and the extensor carpi ulnaris (Videos 2 and 3).
• Identify the interval between the anconeus (radial nerve) and the extensor carpi ulnaris (posterior interosseous nerve). It is easier to identify from a distal to proximal direction as the muscular fibers blend together proximally.
• Locate the characteristic thin fat stripe that is often within this intermuscular interval to further aid with identification ( Fig. 3-A) .
• Divide the intermuscular deep fascia between the anconeus and the extensor carpi ulnaris, beginning at the lateral epicondyle and extend distally ( Fig. 3-B ).
• Retract the anconeus posteriorly.
• Mobilize and then retract the extensor carpi ulnaris anteriorly off the joint capsule. Step 3: Perform the Lateral Elbow Capsulotomy Longitudinally incise the lateral elbow capsule and annular ligament anterior to the lateral ulnar collateral ligament (Video 4).
• Ensure that the forearm is fully pronated to protect the posterior interosseous nerve.
• Longitudinally incise the lateral elbow capsule and annular ligament anterior to the lateral ulnar collateral ligament ( Fig. 4-A) . The lateral ulnar collateral ligament can be found in line with and deep to the anterior fibers of the anconeus. Begin at the lateral epicondyle and extend over the radial head equator.
• Place two small Hohmann retractors within the radiocapitellar joint to gently displace soft tissues anteriorly and posteriorly ( Fig. 4-B ).
• Do not extend the capsular incision beyond the distal edge of the annular ligament or retract aggressively, to avoid injury to the posterior interosseous nerve. Step 4: The Extended Modified Kocher Approach Extend the exposure by elevating the common extensor origin (extensor carpi radialis brevis, EDC, and extensor carpi ulnaris) proximally off the lateral epicondyle and reflect it anteriorly (Video 5).
• Extend the lateral skin incision proximally in line with the lateral supracondylar ridge as required ( Fig. 5-A) .
• Identify and protect the origin of the lateral collateral ligament on the lateral epicondyle.
• Sharply dissect the common extensor origin (extensor carpi radialis brevis, EDC, and extensor carpi ulnaris) off the lateral epicondyle and reflect it anteriorly (Figs. 5-B and 5-C).
• For further exposure, dissect the extensor carpi radialis longus and brachioradialis origins from the supracondylar ridge and reflect them anteriorly.
• Leave 5 mm of fascia attached to the humerus to facilitate repair and closure.
• Extend the previous capsulotomy proximally along the anterior border of the lateral supracondylar ridge.
• With the elbow flexed to minimize tension, place intracapsular retractors deep to the joint capsule anteriorly.
• Release the superior capsular attachment off the anterior aspect of the humerus, as required. Step 5: Make the Incision (EDC Splitting Approach) Make a longitudinal oblique 5 to 6-cm lateral incision beginning at the proximal edge of the lateral epicondyle and extending distally over the radial head toward the Lister tubercle (Video 6).
• Refer to Step 1 for patient positioning and identification of landmarks.
• Make a longitudinal oblique 5 to 6-cm lateral incision beginning just proximal to the center of the lateral epicondyle and extending distally over the radial head toward the Lister tubercle 16 (Figs. 6-A and 6-B ).
• Alternatively, a posterior incision with a raised full-thickness lateral fasciocutaneous flap may also be utilized. Step 6: Identify and Split the EDC The EDC tendon is identified and bisected longitudinally starting proximally at its origin on the lateral epicondyle and extending 20 mm distally from the radiocapitellar joint (Videos 7 and 8).
• Identify the EDC tendon (posterior interosseous nerve), as it runs in line from the lateral epicondyle toward the Lister tubercle 16 . We find that the EDC has a characteristic appearance represented by a relatively white tendinous structure separated with fine longitudinal red muscular striations, whereas the extensor carpi ulnaris and the extensor carpi radialis brevis tendons have a more homogeneous red muscular appearance with few striations (Figs. 5-A, 7-A, and 7-B).
• With the forearm fully pronated, longitudinally bisect the EDC tendon centered over the radial head. Start at its origin on the lateral epicondyle and extend 20 mm distally from the radiocapitellar joint ( Fig. 8 ).
• Retract the split EDC tendon anteriorly and posteriorly.
• Bluntly develop the plane overlying the anterolateral joint capsule. Fig. 7 -A The EDC tendon is identified by its characteristic white tendinous appearance (with fine red muscular striations). The EDC borders are represented by dotted lines. ECU 5 extensor carpi ulnaris. Fig. 7 -B A comparison of the EDC splitting approach (superior dotted line bisecting the EDC tendon) and the modified Kocher approach (inferior dotted line representing the interval between the extensor carpi ulnaris and the anconeus). Fig. 8 In the EDC splitting approach, a bisecting longitudinal split of the EDC tendon, exposing the lateral radiocapitellar joint capsule, is performed. The collinear capsular indentation represents the location of the capsulotomy depicted in Figure 9 -A. Fig. 7 -A Fig. 7 Step 7: Perform the Lateral Elbow Capsulotomy The annular ligament and joint capsule are then incised collinear with the EDC split anterior to the equator of the capitellum (Video 8).
• Incise the annular and radial collateral ligaments and joint capsule in a collinear fashion with the EDC split. Begin proximally 2 mm anterior to the equator of the capitellum to avoid iatrogenic injury to the origin of the lateral ulnar collateral ligament ( Fig. 9-A) .
• Place two small Hohmann retractors within the radiocapitellar joint to gently displace soft tissues anteriorly and posteriorly ( Fig. 9-B ).
• Do not extend the capsular incision beyond the distal edge of the annular ligament or retract aggressively, to avoid injury to the posterior interosseous nerve. Fig. 9 -A Fig. 9-B Figs. 9-A and 9-B Capsulotomy in the EDC splitting approach. Fig. 9 -A The lateral elbow capsulotomy is performed anterior to the equator of the capitellum in line with the EDC split exposing the radiocapitellar joint. LUCL 5 lateral ulnar collateral ligament. Fig. 9 -B An anteriorly placed capsular retractor demonstrates the increased exposure to the anterior radial head. Compare with the modified Kocher exposure of the radial head in Figure 4 -B.
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Step 8: Extended EDC Splitting Approach Extend the exposure by detaching the anterior half of the EDC tendon and the extensor carpi radialis brevis tendon from the lateral epicondyle (Video 9).
• Extend the lateral skin incision proximally in line with the lateral supracondylar ridge as required.
• Sharply dissect the anterior half of the EDC tendon as well as the extensor carpi radialis brevis and longus tendons off the lateral epicondyle and reflect them anteriorly (Figs. 10-A and 10-B ).
• With the elbow flexed to minimize tension, place intracapsular retractors deep to the joint capsule anteriorly ( Fig. 10-C) . Fig. 10-B The anterior half of the EDC tendon and the common extensor origin are retracted anteriorly. Fig. 10 -C The anterior half of the EDC tendon as well as the extensor carpi radialis brevis and longus tendons are reflected anteriorly utilizing a carefully placed retractor for increased exposure. Compare with the extended modified Kocher exposure in Figure 5 -C. Fig. 10 -D Forceps demonstrate the excellent anterior to posterior access of the radial head for screw placement (perpendicular to the fracture line) frequently required for anterolateral fracture fixation.
Step 9: Layered Closure Perform an interrupted layered closure.
• Anatomic closure of both the modified Kocher and the EDC splitting approach is performed in an interrupted, layered fashion from deep to superficial, beginning with the lateral joint capsule.
Results
In our recent cadaveric study, we quantitatively compared the modified Kocher and EDC splitting approaches in order to determine which provided the greatest exposure of the anterior aspect of the radial head, which is most commonly fractured 17 . The EDC splitting approach provided greater visualization of the anterior surface area of the radial head (median, 100%) compared with the modified Kocher approach (68%; p , 0.05). The posterolateral and anterolateral quadrants of the radial head were visualized equally well between the two approaches; however, visualization of the anteromedial quadrant was significantly improved with the EDC splitting approach (p , 0.05). Evaluation of the extended modified Kocher and extended EDC splitting approaches revealed that they provided comparable visualization of the distal end of the humerus, capitellum, radial head, and coronoid process. Adequate exposure of the fractured radial head while minimizing soft-tissue disruption is crucial for fragment reduction, accurate placement of stable fixation, and overall successful surgical management. Our clinical experience supports the notion that the EDC splitting approach provides easier and greater access to isolated radial head fractures requiring fixation, as the majority of such fractures extend to the anteromedial quadrant 4 ( Fig. 10-D) . We believe that, in comparison with a modified Kocher approach for radial head fracture fixation, there is less aggressive soft-tissue retraction and a lower likelihood that proximal extension of the exposure is required through an EDC split, especially in muscular patients.
In the case of an existing radial head deformity or prior acute fracture, no discrete adjustments to the EDC splitting approach are required. The surgeon may approximate the center of the radial head through repetitive forearm pronation and supination before performing the capsular incision in pronation approximately 2 mm anterior to the equator of the capitellum in order to avoid injury to the lateral ulnar collateral ligament.
What to Watch For Indications
• Radial head fracture reduction and fixation.
• Radial head arthroplasty.
• Radial head or fragment excision.
• Capitellar fracture reduction and fixation.
• Anterior elbow debridement and capsular release.
Contraindications
• For the EDC splitting approach: Associated traumatic lateral ulnar collateral ligament and common extensor tendon injuries and/or disruption (typically avulsed from the lateral epicondyle). To optimize exposure, these injuries are better addressed using a Kocher approach and/or working through the zone of injury 1, 3, 18 .
Pitfalls & Challenges
• Identification of the EDC tendon. It runs in line from the lateral epicondyle toward the Lister tubercle. The EDC has a characteristic appearance represented by a relatively white tendinous structure separated with fine longitudinal red muscular striations, whereas the extensor carpi ulnaris and extensor carpi radialis brevis tendons have a more muscular (red) appearance, with few striations (Fig. 5-A) .
• Disruption of the lateral ulnar collateral ligament insertion. It is important to palpate the borders of the radial head to ensure that the EDC incision is anterior to the equator of the radial head and that the lateral ulnar collateral ligament is protected posteriorly. Ensure that the incision is proximal to the equator of the capitellum (we suggest 2 mm) to avoid iatrogenic injury to the lateral ulnar collateral ligament when performing the lateral capsulotomy.
• Proximity of the posterior interosseous nerve. Ensure that the forearm is maintained in pronation to move the nerve away from the surgical approach, both distally and medially 19, 20 . Avoid excessive or aggressive softtissue retraction, most notably anteriorly. Do not extend the capsular incision beyond the distal aspect of the annular ligament.
Clinical Comments
• Incision selection. Both the modified Kocher and the EDC splitting approach can be performed through a lateral incision overlying the radiocapitellar joint or a posterior incision with a raised lateral fasciocutaneous flap depending on the presence of concomitant injuries or surgeon preference 1, 3 . We base our selection on preoperative imaging to evaluate for additional fractures in combination with an intraoperative examination under anesthesia to assess elbow stability. If there is no anteromedial coronoid fracture and the medial collateral ligament is stable, a lateral incision is utilized. If medial exposure is required for the repair of an anteromedial coronoid fracture or a medial collateral ligament injury, then a posterior incision is used. Dual (medial and lateral) incisions are also acceptable. A posterior incision disrupts fewer cutaneous nerves, which potentially lowers the risk of postoperative paresthesias or painful neuroma formation 21 . A lateral incision has a theoretically lower risk for the development of wound complications as it is more direct, involving smaller fasciocutaneous flaps.
• For radial head fractures associated with traumatic lateral ulnar collateral ligament or common extensor ruptures, we recommend using the modified Kocher approach. This allows the surgeon to work through the zone of injury, which characteristically involves an avulsion of the origin of the lateral ulnar collateral ligament from the lateral epicondyle in order to access the radial head fracture and facilitate lateral ligamentous repair 1, 3, 18 .
• Protection of the posterior interosseous nerve. In a cadaveric series, the shortest measured distance from the radiocapitellar joint to the posterior interosseous nerve during the use of an EDC splitting approach with the forearm pronated was 29 mm, with an average safe zone (and standard deviation) of 48.2 6 7.9 mm from the radiocapitellar joint 22 . To ensure protection of the posterior interosseous nerve, we limit the distal extension of the EDC split to 20 mm from the radiocapitellar joint. In our experience, this routinely provides adequate exposure. Proximal splitting of the tendon minimizes potential denervation as the EDC is innervated in a retrograde fashion more distally by the recurrent branch of the EDC muscle (also known as the first branch of the posterior interosseous nerve) 23 .
• The proximal extended approaches may be required for additional exposure in muscular patients or for the reduction and fixation of coronal coronoid fractures.
• The Kaplan approach is just medial to the EDC splitting approach, between the extensor carpi radialis brevis and longus tendons and the EDC. It also provides anterior access to the radial head while avoiding iatrogenic injury to the lateral ulnar collateral ligament. Kaplan similarly advised maintaining the forearm in pronation and not extending the incision distally beyond 2 in (5 cm) from the articular surface of the radial head in order to avoid injury to the posterior interosseous nerve 12 .
